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Abstract 

 
This two-year fisherman-scientist collaboration repeats a comprehensive sampling survey of lobster 

nurseries in Narragansett Bay and on Rhode Island’s outer coast using diver-based visual surveys, not 

done since 1990, a time when lobster abundance was at historic highs. This study also expands the survey 

beyond the scope of the original study by deploying recently developed passive post-larval collectors at 

the same sites where suction sampling is conducted, thereby enabling side-by-side comparisons of the two 

sampling methods. In part to address fishing industry concerns that the previous survey and current 

monitoring were insufficient to characterize current juvenile lobster distributions, five additional study 

sites selected by the lobster fishermen were also sampled.  

 

Project results indicate significant declines in the abundance, distribution and size composition of juvenile 

lobsters in Narragansett Bay since 1990. Whereas in 1990 juvenile lobsters extended from the outer coast 

well into the mid-sections of the bay, by 2011 and 2012 they were largely restricted to the outer coast and 

deeper water at the mouth of the bay.  Patterns of lobster abundance and size composition recorded by 

passive collectors agreed with patterns generated by suction sampling, further validating the use of 

collectors as a tool in lobster settlement monitoring, despite sometimes remarkably high numbers of 

predatory fish also found in the collectors. With one exception, collections made at five industry-selected 

sites largely mirrored the results observed at the historically sampled sites.  However, a deeper site on the 

outer coast (15-17 m depth), harbored some of the highest lobster densities observed in the surveys, 

supporting the hypothesis that lobsters are more restricted to deep and outer coastal waters than they were 

two decades ago. Summer temperatures exceeded the 20°C thermal benchmark for lobsters during at least 

several weeks, even on the outer coast.  Upper Narragansett Bay reached 25°C by mid-summer.  The bay 

stratifies thermally during the summer, so that while conditions may be thermally stressful for lobsters in 

the shallowest waters, cooler conditions typically prevail a short distance down-slope, and may provide a 

thermal refuge during mid-summer in the mid and lower bay.   Associated fauna included some 16 

species of fish, 7 species of crab, and 1 species of mud lobster (caridean shrimp and hermit crabs were not 

counted). The Asian shore crab is an introduced species not present during the 1990 survey that may be a 

relatively recent source of added threat to small juvenile lobsters in the shallow subtidal zone.  Because 

juvenile and adult lobsters appear to be increasingly restricted to deeper and outer coastal waters of 

southern New England, further monitoring of settlement and nursery habitat in deep water is warranted. 

Future attempts to quantify the population-level significance of deep water lobster nurseries will require 

higher resolution mapping of available nursery habitat and deep water monitoring tools. 
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Introduction and Statement of Problem 

 

Over the past two decades southern New England has seen dramatic changes in its lobster 

population that suggest summer conditions in coastal areas are becoming inhospitable to this 

iconic, historically abundant and commercially important species. In the mid 1990s lobster 

abundance and harvests were at historic highs in southern New England.  Since then, the onset of 

shell disease and sharp declines in larval settlement to the region’s coastal nurseries have 

preceded precipitous declines in adult abundance and landings that are now only a fraction of 

what they were two decades ago (Wahle et al. 2009a). In Long Island Sound excessive summer 

temperatures combined with wind and rain to trigger a massive die-off that resulted in a 75% 

drop in lobster landings and a collapse of the commercial fishery (Pearse and Balcom 2005). And 

2012 was a record-breaking ocean heatwave that affected lobster biology over much of its range 

(Mills et al. 2013). The Atlantic States Marine Fisheries Commission’s (ASMFC) Lobster 

Technical Committee has deemed the southern New England lobster stock to be in a state of 

recruitment failure.   

  

Lobsters are not the only species to have experienced changes in recent years.  For example, over 

the same period in the well studied Narragansett Bay and nearby coastal waters, the winter-

spring diatom bloom has all but disappeared (Keller et al., 1999; Oviatt et al. 2002, Nixon et al. 

2009), eelgrass has been on the decline (Bintz et al. 2003), 

comb jellys have increased (Sullivan et al.. 2001), invasive 

crabs of one species have replaced invasive crabs of 

another (Loher and Whitlatch 2002), and the composition 

of the ground fish assemblage has changed (Jeffries 2002). 

   

There is speculation that climatic warming is behind these 

changes (Keller et al. 1999, Nixon 2004, Nixon et al. 

2009). In many parts of lobster habitat in southern New 

England summer waters temperatures are more frequently 

exceeding 20°C, long recognized to be a thermal threshold 

above which the American lobster suffers physiological 

stress (McLeese 1954, Pearse and Balcom 2005). Some 

speculate we may be witnessing the northward shift in the 

range of key species, a scenario whereby coastal southern 

New England will no longer be a hospitable nursery to the 

American lobster over the coming decades (Frumhoff et al. 

2007). It is therefore valuable to compare current 

distributions to previous baselines. This project addresses 

that issue by expanding sampling coverage to that of a 

previous more comprehensive study in 1990 that set the 

stage for the long-term monitoring. 

 

A Lobster Nursery Baseline: In 1990 the first 

comprehensive survey of Rhode Island lobster nurseries 

Figure 1. Narragansett Bay and Rhode 
Island’s outer coast showing the 17 
sites surveyed in 1990 resurveyed for 
the proposed study. Black dots denote 
sites subject to both visual surveys 
and suction sampling by divers. White 
dots denote sites where only visual 
surveys were conducted. The 20 m 
isobath is shown. 

RI MA
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was conducted  (Wahle 1993; Fig. 1). At a time when the lobster fishery was enjoying 

historically high landings, the survey documented relatively high densities of juvenile lobsters in 

the mid and lower bay with diminishing numbers toward the upper reaches.  

 

After the 1990 survey a subset of these and 

other outer coastal sites continued to be 

monitored under what would become the 

American Lobster Settlement Index (ALSI) 

program now conducted throughout New 

England and Atlantic Canada. The current 

settlement index for Rhode Island is at an all-

time low (Fig. 2).  Narragansett Bay, 

however, has not been re-surveyed since 1990 

despite the dramatic changes that have 

occurred over the intervening years.  Although 

lobster abundance indicators have been down 

in recent years, the lobster industry has made 

note of locations where they have observed 

concentrations of juvenile lobsters in their 

catches or larvae swimming at the surface, and have expressed concern that the ALSI monitoring 

may not be representative. 

  

A recent fisherman-scientist collaboration supported by the Northeast Consortium from 2005 to 

2009, developed a passive post-larval collector for lobster design. The new tool opens a window 

on lobster settlement in locations inaccessible to divers. It therefore represents an alternative to 

the long-standing diver-based suction sampling method (Wahle et al. 2009b). The collaboration 

engaged lobstermen from Rhode Island and Maine in the development and testing of collectors 

that can be deployed easily by vessels with standard trap hauling gear and has been widely 

adopted by partners in the ALSI collaborative.   

   
This study is a collaboration between the University of Maine, Rhode Island lobstermen and 

Rhode Island Division of Fish and Wildlife to repeat the 1990 survey over two consecutive years 

(2011, 2012), using the same diver-based visual and suction sampling methods as well as 

recently developed passive collectors not used in the initial survey.  We further augmented the 

survey with widened exploration of potential lobster nurseries within and outside Narragansett 

Bay as recommended by the local lobster industry.  

 

 

Methods 

 

In this two-year project, we partnered with Rhode Island lobster fishermen to evaluate how the  

abundance of lobster in the nurseries has changed from a time of historic highs to the current 

period of historic lows, and determine the suitability of different parts of the Bay as a lobster 

nursery.  Our specific objectives were to (1) Compare current population densities of young-of-

year and older juvenile lobsters in cobble nurseries to densities reported at the same sites in 

1990, (2) Conduct a side-by-side comparison of the performance of passive post-larval collectors 

Figure 2.  Rhode Island’s lobster settlement index 
from 1990 to 2012.  Mean density of young-of-year 
lobsters (±1SE) from six coastal monitoring sites 
suction sampled by divers. 
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to diver-based suction sampling in sampling young-of-year and older juvenile lobsters at the 

same locations, and (3) Evaluate lobster settlement at additional sites of interest  the Rhode 

Island lobster fishing industry.  During the project we also aimed to evaluate near bottom 

temperature, dissolved oxygen (DO), salinity and pH at the sites. 

 

In 2011 and 2012 we repeated visual surveys at all 17 sites surveyed in 1990, and conducted 

suction sampling at the same subset of six sites.  In addition, in 2011 and 2012 we deployed 

passive collectors at the six suction sampling sites. In 2011 and again in 2012 we added two 

industry-selected sites, each only sampled for one year.  Visual surveys, suction sampling and 

passive collectors were deployed at these new sites. All these sites ranged in depth from 3-5 m 

below mean low water. Finally, as an addition to our original plan, in 2012 one additional  

“deep” site, Fort Wetherill, at 17 m below MLW was surveyed visually and by suction sampling. 

The sampling methods for visual and suction sampling are detailed in Wahle (1993) and for 

passive collectors in Wahle et al. (2009 b) and outlined below.    

 

We also conducted water quality sampling during the study. At the subset of six original sites 

and two industry-selected sites subject to the more intensive sampling, we deployed continuously 

recording Tid-Bit™ temperature loggers set to record temperature hourly.  In 2012 at all 

sampling sites we measured surface and bottom temperature, salinity, oxygen, and pH using a 

YSI 556 Multiparameter System.  Furthermore, CTD casts were conducted to assess thermal 

profiles at selected channel locations along the length of the bay. 

 

Visual surveys were conducted in July and early August to assess general bay-wide patterns in 

the benthic lobster population. Visual surveys provide a rapid assessment of lobster abundance, 

but are less efficient than suction sampling at quantifying young-of-year lobsters.  During visual 

censuses divers carefully search cobble-boulder nursery habitat framed by 1-m
2
 quadrats. 

Together four experienced divers can census a total of 20 quadrats in about 30 min, making it 

feasible to complete four to five sites in a day.  The search process involves carefully overturning 

rocks and searching crevices, working slowly so as to avoid suspending sediment that hampers 

visibility.  Data recorded for each quadrat includes cobble and algae coverage, lobster measure, 

count, sex, and identifying associated conspicuous crab and other larger fauna. 

 

Suction sampling is necessary because visual methods are less effective for recently settled 

young-of-year and one-year-old lobsters (Fig. 3). However, all sizes of lobster are sampled in the 

process. Suction sampling was conducted during late August to the first week of September to 

coincide with RI DFW long-term monitoring of stations on Rhode Island’s outer coast at the end 

of the settlement season.  The protocol involves a pair of divers working together to vacuum the 

contents of 0.5 m
2
 quadrats placed in cobble-boulder habitat. Rocks are removed during the 

process to expose hidden infauna. Samples are retained in a mesh bag secured to the top of the 

sampler; bags are changed between quadrats. We sampled 20 quadrats per site.  Two buddy 

teams (4 divers) can complete this task in <1 h, making it feasible to complete 3-4 sites in a day.  

Sample bags were returned to the laboratory where they were sorted fresh or were frozen to be 

sorted later. Lobsters were measured, sexed, claws were counted.  Associated fauna of interest 

include several species of native and introduced crabs (Carcinus maenas, Dyspanopeus sayi, 

Cancer borealis, Hemigrapsus sanguineus) and benthic fishes also be identified to species, 

counted and measured. 
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Passive collectors are made of 10-gauge vinyl-

coated wire with a 37 mm (1.5 inch) mesh (Fig. 3). 

They measure 61.0 cm × 91.5 cm ×15.0 cm deep, 

providing 0.55 m
2
 in floor area. A cover made of 

the same wire mesh serves to retain the rocks and 

allow the free passage of postlarval lobsters. Two 

oak runners are fastened to the bottom for 

additional rigidity and to aid sliding on deck and 

stacking. The floor and walls are lined inside with a 

rugged 2-mm plastic mesh (Petmesh™) to retain 

newly settled lobsters, crabs and other organisms 

during retrieval. Collectors are filled with clean, 

rounded cobbles ranging in diameter from 10 to 15 

cm acquired from a local excavator who can sort 

for the desired size range. Collectors filled with 

rocks weigh approximately 80 kg. Each collector is 

fitted with a bridle so they can be lifted in a 

horizontal position which is important to retaining 

collections during retrieval.  During the proof-of-

concept phase Wahle et al. (2009b) demonstrated 

that losses of organisms were negligible when 

retrieved in this way.  Once on deck, lids are 

removed, rocks are rinsed down with a hose to 

remove sediment and then carefully removed to 

inspect for lobsters and other organisms.  All 

lobsters, crabs and fishes were measured. Lobsters 

were further inspected to determine sex, and 

number of claws, and noted for evidence of shell 

disease, and were released. Collectors were 

deployed in late May/early June of both years. 

Twenty collectors were deployed at the six original 

and two industry-selected sites each year for a total 

of 160 collectors.  They were retrieved at the end of 

the settlement season at the same time suction 

sampling was conducted (late August-early 

September).  

 

A diversity of crabs and fishes was collected, measured and enumerated from our collections, but 

a full reporting of those results is beyond the scope of this report.  Previous studies have 

established that suction samplers and passive collectors provide comparable, quantitative data on 

the decapod crustacean assemblage, but that collectors are more effective at sampling fishes 

(Wahle et al. 2009b, 2012). In this report we include a list of the associated crabs and fishes and 

remarks on the potential significance of particular species to lobster distributions in southern 

New England.  

 

Figure 3.  Diver-based suction sampling 
(Top) and passive post-larval collectors 
(Bottom), two methods used to sample 
recently settled and early juvenile 
American lobster.  
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The categories of raw data from this study are listed in Appendix A, and have been archived in 

digital form with CFRF.  
 

  

Results 

 

Visual surveys of Narragansett Bay lobster nurseries conducted in 2011 and 2012 revealed a 

dramatic reduction in lobster distribution, density and size composition compared to 1990 levels 

(Fig. 4).  Whereas juvenile lobsters in 1990 extended well into the mid-section of the Bay, as far 

north as Despair Island, they were largely restricted to the lower bay and outer coastal locations 

in the recent survey, and densities at these locations were diminished from the earlier survey. 

The size composition of the nursery populations in the recent surveys further indicate the 

absence of the smaller juveniles that were prevalent two decades ago (Fig. 4c).  Southwest Point 

at the mouth of the bay, one of the long-term monitoring sites, has consistently supported some 

of the highest population densities of lobsters, with densities in the early 1990s exceeding 2 

lobsters per m
2
, whereas in 2011 and 2012 densities were some 50 to 90% lower (Fig. 4a, b).  

Declines appear to be happening rapidly too: the number of lobsters collected in 2012 was only 

about one-third of that of 2011, and these were mostly from the single deep site, Fort Wetherill, 

sampled in 2012.  
 

Suction sampling reinforced evidence of the shrinking lobster recruitment to Rhode Island’s 

coastal nursery habitats by providing a more efficient sampling than visual surveys of young-of-

year lobsters (Fig 5).  In the 1990 survey young-of-year lobsters extended from the outer coast to 

mid-bay locations (Fig. 5a, b) as was evident from the visual surveys. In 1990 young-of-year 

lobsters also represented the dominant mode in the size distribution, but in 2011 they were absent 

from the suction samples, and in 2012 only one was found (Fig. 5c). Most of the lobsters 

collected by suction sampling came from Fort Wetherill, the single deep site, and the only one of 

the industry-selected sites where lobsters of any size were collected by this method. We also note 

that in 2011, whereas lobsters were observed in the visual survey at the industry-selected site, 

House-on-Rocks, none were found in subsequent suction samples there in the immediate 

aftermath of Hurricane Irene. A diver on that collection made the unusual observation of a large 

dead lobster lying on the seabed, perhaps a result of the recent hurricane. In short, the relative 

rarity of young-of-year lobsters represents a demographic hole in the nursery population which 

now comprises only a few remaining juveniles mostly from previous years of settlement.  
 

Passive collectors tell a similar story and may have been slightly more efficient at detecting 

young-of-year recruitment than suction sampling.  All collectors were retrieved except for 15 lost 

at Southwest Point, and five lost at Sacchuest Point, as a result of Hurricane Irene in 2011. 

Although we do not have the benefit of a retrospective comparison to 1990, the results from 

2011 and 2012 were generally consistent with the patterns observed in the corresponding visual 

survey and suction samples, although a few more settlers were collected. In 2011 we reported 

only a single young-of-year lobster, and in 2012, a total of five, all at the two outermost coastal 

sites (Fig. 6a, b). No young-of-year lobsters were found in collectors deployed at the industry 

selected sites, however.  Overall, the size composition of lobsters in collectors was similar to that 

of suction samples (Fig. 6c).  
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Figure 6.  Passive collectors deployed in Narragansett Bay lobster nurseries, 2011, and 
2012.  (a) Maps of young-of-year (red) and older juvenile (blue) lobster distribution and 
density (n m-2), (b) lobster density (+1SE) listed by site north-to-south, and (c) lobster size 
composition.  Collectors were not in used in 1990. Underlined sites are industry-selected. 
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Temperatures at all sites rose well above the thermal threshold for lobsters of 20°C during the two year 

study.  Fig. 7 gives the temperature time series for representative lower and upper bay locations where 

temperature loggers fastened to postlarval collectors were deployed at 5-7 m depth.  Temperature data 

were not available from these sites in 1990.   In 2011 loggers were lost from our outer coastal stations at 

Sachuest Point and Southwest Point during Hurricane Irene, so data for a more protected site nearby 

called House-on-Rocks are shown instead.  Temperatures at upper bay sites exceeded 20°C about two 

weeks ahead of the lower bay sites, and reached maximum temperatures of approximately 25°C. 

 

 

Mid-summer temperature profiles were collected in deeper mid-channel locations adjacent to our 

lobster sampling sites. Representative upper and lower bay profiles are shown in Fig. 8 for 2011 

and 2012. They reveal considerable thermal stratification that is likely significant to lobster 

distributions.   In the upper bay the entire water column exceeded 20°C down to a depth of 10 m, 

whereas at the mouth of the bay only the first few meters of depth were greater than the 20°C 

threshold, and at 15-20 m temperatures ranged near the thermal optimum for lobsters at 17-18°C. 
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deployments in 2011 and 2012.  Gray = hourly record; Black = 24-h running mean. 

 



CFRF Final Report – Part II – Wahle, Dellinger, Olszewski Page 12 
 

 

 

 

The bay-wide water quality survey conducted at the shallow sampling sites (<7 m depth) from 

August 22-24, 2012, revealed differences between surface and bottom conditions and bay-wide 

gradients that further point to areas where benthic organisms would be physiologically stressed 

during the summer (Fig.9). Salinity ranged from 29 to 31 psu in a down-bay direction, and was 

slightly higher near bottom than at the surface, as is typical in estuaries.  Temperature ranged 

from a high of 25 in the upper bay to a low of 19°C on the outer coast, and was consistently a 

degree or two warmer at the surface than at the bottom.  More often than not dissolved oxygen 

levels were higher at the surface than at the bottom, ranging from about 6.8 to 8.1 mg L
-1

. There 

were two sites with exceptionally low DO concentrations: Fogland and Easton Point, both in the 

Sakonnet River, with bottom readings below 6 mg L
-1

.  Levels of pH varied from typical ocean 

levels of approximately 8.1 to less than 7.0, and were also more often lower near the seabed than 

at the surface. Levels of pH also correlated significantly with DO concentrations especially near 

the seabed (Surface: r
2
 = 0.39, p = 0.004; Bottom: r

2
 = 0.83, p <0.001), which would be 

consistent with near-bottom O2 depletion and CO2 generation and acidification resulting from 

benthic respiration (Fig. 10).   
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Figure 9.  Sea surface and bottom environmental conditions at Narragansett Bay lobster nursery 
sites during survey of 8/22-23/2012. Sites listed north to south from top to bottom. 

 

Figure 10.  Relationship between Dissolved Oxygen (DO) and pH at the sea surface and within 1 m 
of the seabed at sites listed in Fig. 9, Narragansett Bay, Aug. 22-24, 2012.  
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Taken together temporal and spatial patterns of water quality suggest that lower and outer coastal 

conditions to be more favorable during the summer than in the upper bay.  A direct comparison 

of water quality conditions at these locations in 1990 is not possible because data were not 

collected.  Nonetheless, the recent data would suggest that much of the shallow habitat formerly 

occupied by young lobsters is inhospitable for them during part of the summer.   

 

Finally, although a quantitative assessment of associated fauna is not included in this report, 

several points are worth highlighting on the decapod crustacean and fish assemblages.   The full 

list of decapod crustaceans identified in this study, not including caridean shrimp or hermit crabs, 

can be found in Appendix B. Notably, the Asian shore crab, Hemigrapsis sanguineus, has 

become a new and prevalent member of the shallow Narragansett Bay benthic community that 

was not collected at our study sites in 1990. Hemigrapsus was present at all our sampling sites, 

except the deep site, Fort Whetherill (15-17 m).  The absence at Fort Wetherill may be explained 

by the cooler temperatures at depth.    

 

 At least 16 species of fish were identified and counted in collectors deployed during this study 

(Appendix B). Several species of fish, such as cunner, black  sea bass, toad fish, and eels, were 

reported at remarkable densities tens per collector. Several of these species are known to be 

predators of juvenile lobster (Wahle et al. 2013). Despite their diversity and abundance, it is 

noteworthy that young-of-year and juvenile lobster densities were still found at comparable or 

even higher numbers than those in suction samples from the natural nursery habitat at the same 

location, which has been the case in previous studies (Wahle et al. 2009, 2012). 

 

 

Discussion 

 

This retrospective analysis of lobster nurseries in Narragansett Bay and Rhode Island’s coast 

paints a picture of significant declines since the early 1990s.  The change is characterized not 

only by declining numbers of juvenile lobsters, but also of lobster distributions receding to 

deeper water where favorable environmental conditions prevail.   

 

The three parallel independent sampling protocols provided a robust picture of the patterns of 

lobster numbers in shallow nurseries.  Visual surveys and suction sampling were used in the 

original 1990 study, and therefore represent the basis for comparison to the status of the Bay’s 

lobster nurseries in 2011-2012.  Whereas the visual surveys provided greater spatial coverage by 

virtue of their simplicity, suction sampling more efficiently sampled the young-of-year lobsters. 

And although passive collectors were not used in 1990, they further reinforced the patterns 

observed by the visual and suction sampling in 2011 and 2012, and produced density estimates 

and size composition comparable with the suction sampler, as has been observed in previous 

comparisons to the two methods (Wahle et al. 2009b, 2012). Furthermore, the change in lobster 

abundance over more than two decades is consistent with the annual monitoring of outer coastal 

sites along Rhode Island’s outer coast (Fig. 2; Wahle et al. 2009a).   

 

With one important exception supplemental sampling of additional industry-selected sites, not 

originally sampled in 1990, agreed with the patterns observed at the historically sampled sites. 

Densities of juvenile lobster were as low at these as they were at nearby locations in the bay. The 
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exception was the deep site (15-17 m) at Fort Wetherill where relatively high densities of 

juvenile lobsters were found. Together, the three sampling methods, the added sampling 

locations, and long-term monitoring outside the bay, strongly indicate a decline and receding 

distribution of juvenile lobster from shallow nurseries, and into deeper locations.  

 

Hydrographic surveys conducted in the recent survey point to marginal or stressful mid-summer 

conditions in shallow, upper and mid-bay waters that may limit the distribution of lobsters in 

Narragansett Bay.  Lobsters were absent in the upper bay where water temperatures ranged well 

above near 25°C for extended periods during the summer and where salinity was reduced .  At 

some of these locations high temperatures were accompanied by hypoxic and acidic conditions. 

However, much of the bay and outer coast is thermally stratified during the summer so that 

cooler waters may be within relatively easy reach in the mid and lower bay of at least larger 

juveniles that can migrate small distances downslope to more favorable conditions.   

 

Water temperatures rising above the 20°C threshold affect lobster distributions by forcing them 

into deeper water. In a recently completed CFRF project, Glenn et al. (2011) found that with 

increasingly warm summer temperatures in near-shore shallows, egg bearing lobsters are being 

caught at greater depths, and therefore greater distances, from shore. This raises the possibility 

that larval hatching is increasingly distant from near-shore locations and as a result larvae are 

more likely to be exported from coastal nurseries.  This would exacerbate the diminished larval 

supply already resulting from a declining broodstock. 

 

Since the 1970s, temperatures in Narragansett Bay have been rising at a rate of approximately 

0.3°C per decade (Nixon 2004). International Panel on Climate Change models project continued 

warming (Frumhoff et al. 2007). It is the more frequent and intense occurrence of extreme 

events, however, may have greater impact on lobster distributions than the gradual increase in 

average temperature. The lobster die-off of 1999 in Long Island Sound is a prime example. Mass 

mortality of lobster and associated fauna in the Sound resulted from a combination of warmer 

than average temperatures and wind-induced turnover of the water column that mixed warm, 

oxygen-poor water down to deeper channels that are normally a cool refuge from the mid-

summer heat in the shallows (Pearse and Balcom 2005).  Most recently, 2012 was a record 

breaking ocean heatwave in the northwest Atlantic that dramatically altered lobster molting 

phenology in the Gulf of Maine (Mills et al. 2013). Summer conditions are anticipated to 

continue to worsen for the American lobster in shallow waters of southern New England 

(Frumhoff et al. 2007).  

 

Adverse secondary effects of warming, such as hypoxia and possibly shell disease, may only 

exacerbate conditions for lobster.  Efforts to mitigate the effects of chronic, anthropogenic, local 

eutrophication can help reduce hypoxic conditions that threaten benthic fauna (Altieri et al. 2006, 

Nixon et al. 2009).  Glenn and Pugh (2006) hypothesized that shell disease may be related to 

elevated temperatures in southern New England. It is puzzling, however, that shell disease is not 

prevalent in other parts of southern New England that get even warmer, such as western Long 

Island Sound. More unclear is how much toxic pollutants, specifically insecticides, may 

contributed to heightened mortality (Laufer et al. 2013). 
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We also cannot rule out the possibility that the invasion of the Asian shore crab, Hemigrapsis 

sanguineus, may have contributed to declining numbers of juvenile lobsters in Rhode Island’s 

shallow lobster nurseries. Asian shore crabs were not present in our 1990 survey, but was 

prevalent at all sites except the deepest one at Fort Wetherill in Narragansett Bay in the recent 

sampling.  This introduced species is an aggressive predator, and has excluded or limited 

distributions of the green crab, Carcinus maenas, from some shores in southern New England 

(Loher and Whitlatch 2002), and it is not unreasonable to believe it could have a similar impact 

on lobster  juveniles to the extent the two species overlap.  On the other hand, the Asian shore 

crab tends to be restricted to relatively warm, shallow waters, and does not extend into the great 

majority of lobster habitat, so its impact, if any, would be restricted to the shallowest subtidal 

locations.   

 

Further monitoring of settlement and nursery habitat in deep water is therefore warranted.  To 

date, there has limited suction sampling (this study), and more extensive collector deployments 

to evaluate the depth distribution of newly settled and juvenile lobsters in New England and 

Atlantic Canada (Glenn et al. 2011, Wahle et al. 2012). These studies were done during the 

recent dearth of larval settlement in southern New England, and not surprisingly have only a few 

records of young-of-year lobsters. Nonetheless, together collector deployments throughout New 

England and Atlantic Canada point to the presence of recently settled lobsters at depths as great 

as ~80 m, the maximum depth collectors have been deployed to date.  It is therefore possible 

with increasingly inhospitable summer temperatures in shallow water, that lobster settlement in 

southern New England will be more restricted to deeper zones, provided suitable shelter-

providing habitat is available. To monitor lobster settlement in deeper water will challenge the 

practical limits of diver-based suction sampling, and will likely require the expanded use of 

passive collectors along with high resolution mapping of available nursery habitat.  

 

 

Summary of Conclusions 

  

 Diver-based visual surveys and suction sampling undertaken in 1990 and again in 2011-2012 
indicate significant declines in the abundance, distribution and size composition of juvenile 

lobsters in Narragansett Bay since 1990. Whereas in 1990 juvenile lobsters extended from 

the outer coast well into the mid-sections of the bay, in 2011 and 2012 they were largely 

restricted to the outer coast and deeper water at the mouth of the bay. 

 Young-of-year lobsters were conspicuous in their rarity from nursery habitats in keeping with 
declining trends in long-term monitoring along Rhode Island’s outer coast. 

 Patterns of lobster abundance and size composition recorded by passive collectors agreed 

with patterns generated by suction sampling, further validating the use of collectors as a tool 

in lobster settlement monitoring, despite sometimes remarkably high numbers of predatory 

fish also found in the collectors.  

 Collections made at five industry-selected sites largely mirrored the results observed at the 
historically sampled sites, with one exception.  A deeper site on the outer coast (15-17 m 

depth), harbored some of the highest lobster densities observed in the surveys, supporting the 

hypothesis that lobsters are more restricted to deep and outer coastal waters than they were 

two decades ago.  
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 Although no hydrographic survey was conducted during the 1990 lobster survey, 
measurements taken during 2011 and 2012 indicate that shallow water temperatures (<5m) at 

all locations sampled exceeded the 20°C thermal benchmark for lobsters during at least 

several weeks of the summer, even on the outer coast.  Upper Narragansett Bay reached 25°C 

by mid-summer.  The bay stratifies thermally during the summer, so that while conditions 

may be thermally stressful for lobsters in the shallowest waters, cool water conditions are 

generally within reach for mobile organisms within a short distance down-slope.   

 Dissolved oxygen and pH levels were generally lower near the sea bed, likely reflecting 

benthic oxygen demand.  DO and pH were strongly correlated, probably reflecting the effect 

of heightened near bottom CO2 concentrations on acidification.  Near-bottom pH values as 

low as 7.8 were recorded which falling with the projection range of ocean acidification at the 

end of the 21
st
 century. The implications of this degree of acidification for the health of the 

lobster population are unclear.  

 The Asian shore crab is a relative new-comer to the crustacean assemblage that was not 
present in the 1990 survey.  As an aggressive intertidal and shallow subtidal crab that has 

impacted green crab populations in southern New England, we cannot rule out the possibility 

that they may be interacting with lobsters in shallow nurseries. However, this crab prefers 

shallow, warm water and does not overlap with lobsters in water deeper than a few meters. 

 Not counting hermit crabs and caridean shrimp, our collections from suction sampling and 
passive collectors included seven species of crab, and one species of mud lobster.  

 Fish were diverse and abundant in the passive collectors.  Some 16 species of demersal and 
benthic fish were collected. Cunner, black sea bass, toadfish, and sculpins, all known lobster 

predators, were among the most abundant. 

 Because juvenile and adult lobsters appear to be increasingly restricted to deeper and outer 

coastal waters of southern New England, further monitoring of settlement and nursery habitat 

in deep water is warranted.  

 Future attempts to quantify population-level significance of deep water lobster nurseries will 
require combined effort of deepwater monitoring with higher resolution mapping of available 

nursery habitat. 
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Appendix A 

 

Raw data are being submitted to CFRF as electronic files in the following categories: 

 

 Visual survey data 2011, 2012 (Excel spreadsheets) 

 Suction sample data 2011, 2012 (Excel spreadsheets) 

 Collector data 2011, 2012 (Excel spreadsheets) 

 HoboTemp Logger data 2011, 2012 (Excel spreadsheets) 

 CTD casts 2011, 2012 (Excel spreadsheets) 

 YSI surface and bottom data 2012 (temperature, salinity, DO, pH) (Excel spreadsheets) 

 ArcView shape files for mapping 
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 Appendix B 
 

Decapod crustaceans found in suction samples and passive collectors in this study. 

 

 Common Name  Species 

 rock crab   Cancer irroratus 

 Jonah crab   Cancer borealis 

 green crab   Carcinus maenas 

 Say’s mud crab  Dyspanopeus (=Neopanope) sayi  

 Asian shore crab  Hemigrapsis sanguineus 

 spider crabs   Libinia emarginata 

 pea crab   Pinnotheres maculatus,  

 mud lobster    Axius serratus 

 American lobster  Homarus americanus 

 

Fish species found in passive collectors in this study. 

 

 Common Name  Species 

 black seabass    Centropristis striata 

 cunner     Tautogolabrus adspersus 

 tautog    Tautoga onitis  

 red hake    Urophycis chuss 

 rock gunnel    Pholis gunnellus 

 winter flounder   Pseudopleuronectes americanus 

 American eel     Anguillla rostrata 

 conger eel    Conger oceanica 

 Arctic eelpout   Lycodes reticulatus 

 oyster toadfish   Opsanus tao 

 shorthorn sculpin   Myoxocephalus scorpius 

 longhorn sculpin   Myoxocephalus octodecemspinosus 

 naked goby    Gobiosoma bosci 

 pipefish   Sygnathus fuscus 

 lumpfish   Cyclopterus lumpus 

 snowy grouper   Epinephelus niveatus 


